Rationale During a smoking quit attempt, a single smoking lapse is highly predictive of future relapse. While several risk factors for a smoking lapse have been identified during clinical trials, a laboratory model of lapse was until recently unavailable and, therefore, it is unclear whether these characteristics also convey risk for lapse in a laboratory environment. Objectives The primary study goal was to examine whether real-world risk factors of lapse are also predictive of smoking behavior in a laboratory model of smoking lapse. Methods After overnight abstinence, 77 smokers completed the McKee smoking lapse task, in which they were presented with the choice of smoking or delaying in exchange for monetary reinforcement. Primary outcome measures were the latency to initiate smoking behavior and the number of cigarettes smoked during the lapse. Several baseline measures of smoking behavior, mood, and individual traits were examined as predictive factors. Results Craving to relieve the discomfort of withdrawal, withdrawal severity, and tension level were negatively predictive of latency to smoke. In contrast, average number of cigarettes smoked per day, withdrawal severity, level of nicotine dependence, craving for the positive effects of smoking, and craving to relieve the discomfort of withdrawal were positively predictive of number of cigarettes smoked. Conclusions The results suggest that real-world risk factors for smoking lapse are also predictive of smoking behavior in a laboratory model of lapse. Future studies using the McKee lapse task should account for between subject differences in the unique factors that independently predict each outcome measure.
Introduction
Nicotine dependence is a chronic, relapsing disorder. Despite several FDA approved treatments, the majority of smokers who attempt to quit will ultimately relapse and return to regular smoking behavior within the first year following a quit attempt (Hughes et al., 2004; Wileyto et al., 2004; Jorenby et al., 2006) . Numerous risk factors for relapse have been identified (e.g., see Garvey et al., 1992; Doherty et al., 1995; Shiffman et al., 1996b; Ockene et al., 2000; Piasecki et al., 2000; Piasecki et al., 2003) , and developing treatments to effectively target these many factors remain a high research priority. In early abstinence, one of the most reliable predictors of relapse is the occurrence a single smoking lapse, which is generally defined as smoking at least a puff of a cigarette (Marlatt and George 1984; Brandon et al., 1990; Kenford et al., 1994) . Because as much as 95 % of smokers who experience a lapse will progress to relapse (Garvey et al., 1992; Kenford et al., 1994) , the first lapse has been theorized to represent the transition from abstinence to regular smoking; yet, the mechanisms mediating this progression remain unclear (Shiffman et al., 1996b; Shiffman et al., 2006) . Characterizing the factors that predispose individuals to a smoking lapse may aid in the development of treatments targeted to prevent a lapse and, by proxy, preclude the progression from smoking lapse to relapse.
In several smoking cessation studies, a number of stable, individual traits as well as dynamic, context-dependent influences have been identified as increasing risk for a smoking lapse. A series of reports by Shiffman and colleagues have identified contextual changes in mood and motivation, proximal to the lapse event itself, that promote a lapse into smoking, such as increases in negative affect, nicotine withdrawal, and urge to smoke (Shiffman et al., 1996a; Shiffman et al., 1997b; Shiffman et al., 2002; Shiffman and Waters 2004) . Additionally, individuals who possess certain traits, including high anxiety, low distress tolerance, and a high severity of nicotine dependence, are also more at risk to lapse in early abstinence (Shiffman et al., 1996b; Shiffman et al., 1997a; Brown et al., 2005; Zvolensky et al., 2009 ). These individual traits are often predictive of the type and magnitude of the proximal changes in mood and motivation that in turn precede a smoking lapse (Shiffman et al., 1996b; Shiffman et al., 1997a) . Accordingly, it has been postulated that the interplay between individual traits and contextual, proximal factors mediate the occurrence of a smoking lapse, and neither family of risk factors should be viewed in isolation of the other (Shiffman et al., 1997a) .
Despite the well-established role of an initial smoking lapse in the relapse process, a laboratory model of smoking lapse was unavailable until recently (McKee 2009). As human laboratory models of addictive behaviors represent a crucial bridge between animal models and clinical trials in medication development (McKee 2009; Ray et al., 2010) , the design of a laboratory model of lapse is a critical step toward characterizing and targeting mechanisms associated with a smoking lapse and relapse. The McKee smoking lapse task (McKee 2009; McKee et al., 2012) represents a unique paradigm that provides measures of latency to first lapse (i.e., ability to resist smoking) after a period of abstinence and subsequent smoking behavior after the lapse occurs. In this paradigm, participants are first exposed to a known risk factor for smoking relapse (e.g., nicotine deprivation and alcohol) and subsequently presented with their preferred brand of cigarettes, a lighter, and an ashtray. These latter items act as a smoking cue and provide the participant with an opportunity to smoke, both of which are highly related to the occurrence of a smoking lapse (Shiffman et al., 1996a; McKee 2009) . Participants are then informed that they can begin a cigarette self-administration session or delay smoking in exchange for a fixed amount of monetary reinforcement. If the participant decides to smoke, they then begin the self-administration session in which they are again given the choice to smoke their preferred brand of cigarettes or receive a fixed monetary reinforcement for each cigarette that is not smoked. In previous studies employing this task, known precipitants of lapse and relapse, such as a stress exposure, alcohol ingestion, and nicotine deprivation, effectively reduce the ability to resist smoking, while pharmacotherapies for smoking cessation improve heavy smokers' ability to abstain 2011; 2012; McKee 2009) .
To date, nearly all studies that identified predictors for smoking lapse were conducted with treatment seeking smokers in a clinical trial setting. In one recent exception, a laboratory study administering the McKee lapse task after various durations of nicotine deprivation failed to find a relationship between task performance and several participant characteristics, such as sex, motivation to quit, level of nicotine dependence, and income (McKee et al., 2012 ). Yet, no laboratory studies employing the McKee lapse task have been a priori designed with the sole intention to investigate the predictive validity of a combination of individual and context-dependent risk factors for smoking lapse. Therefore, the primary goal of the current study is to examine whether several previously identified real-world risk factors of smoking lapse are also predictive of lapse behavior in nontreatment seeking smokers participating in a relatively novel laboratory smoking lapse paradigm. A secondary and exploratory study goal is to examine the relationship between the two outcome measures of the lapse paradigm, namely latency to smoking lapse and number of cigarettes smoked after lapse. If we find that certain risk factors uniquely predict one outcome measure but not the other, then this may suggest that the McKee lapse task (McKee 2009; McKee et al., 2012) provides distinct and separate laboratory indices of real-world smoking behavior and the relapse process.
Methods

Participants
Non-treatment seeking daily cigarette smokers were recruited from the greater Los Angeles area through flyers, print, and online advertisements. Inclusion criteria consisted of the following: (1) aged between 18 and 55 years; (2) smoked 10 or more cigarettes per day; (3) had fewer than 3 months of smoking abstinence in the past year; (4) no self-reported use of cocaine, methamphetamine, heroin, or other illicit drugs (other than marijuana) in the previous 60 days, as verified by a negative urine toxicology; (5) not pregnant, as verified by a negative pregnancy screen; and (6) no self-reported lifetime history of psychotic disorders.
Screening procedures
Interested individuals called the laboratory and completed an initial telephone-screening interview in order to assess general eligibility requirements. Eligible participants were invited to the laboratory for an in-person session in which they read and signed an informed consent form and completed a battery of personality and substance use questionnaires and interviews, as described in the "Measures" section below. Participants were asked to abstain from drinking alcohol for 24 h prior to the in-person screening visit. After providing written informed consent, urine cotinine levels were measured to verify regular smoking (>100 ng/mL), and breathalyzers ensured a breath alcohol concentration (BrAC) of 0.000 g/dL. Expired carbon monoxide (CO) levels were collected at the screen in order to later verify overnight abstinence prior to the experimental session. Toxicology screens and pregnancy tests were then performed. Individuals who did not meet the thresholds for regular smoking, had a detectable BrAC, or tested positive for drug use or pregnancy were excluded from participation. Any individuals who were excluded following the in-person session were offered referrals for smoking cessation treatment in the community. Participants were compensated $20 for the screening session.
Smoking lapse task procedures
Following the in-person screening, eligible participants were scheduled to return to laboratory following 12 h of abstinence from cigarette smoking (or any form of tobacco products) and 24 h of abstinence from drinking alcohol. These visits took place either from 10 AM to 1 PM or 2 PM to 5 PM and took approximately 3 h to complete. Upon arrival to the laboratory, nicotine abstinence was immediately verified with expired CO levels (parts per million; PPM), as determined by a cut-off of half of the participant's screening session CO concentration or <10 PPM. Two participants initially failed to remain abstinent for the 12 h prior to visit and were rescheduled for a later date. While CO levels can only determine recent smoking behavior, <1 % of the participants (n=1/77) reported using alternate forms of nicotine administration (e.g., chewing tobacco and snuff) within the 7 days preceding the experimental session. Therefore, we are confident that there are no tobacco userelated confounds in the presented results. Breathalyzers ensured a breath alcohol concentration of 0.000 g/dL, and urine was tested for pregnancy in women. After verification of abstinence and non-pregnancy, participants completed several baseline personality, mood, and smoking-related questionnaires (described below in the "Measures" section). Following completion of these measures, participants completed McKee's (2009) smoking lapse task. Eight cigarettes of the participants' preferred brand were placed in front of them with a lighter and an ashtray. They were then instructed that over the next 50 min, they had the option to initiate a cigarette self-administration session at any point or to delay initiation in exchange for monetary reinforcement. If participants chose to delay, they were awarded $0.20 for each 5-minute increment that they were able to resist smoking. Once participants chose to end the delay period in order to smoke or resisted smoking for the entire 50 minute delay period, they then participated in a 60-minute cigarette self-administration session, in which they were given the choice to either smoke their preferred brand of cigarettes or receive monetary reinforcement for cigarettes not smoked. Participants were given $1.60 at the beginning of the self-administration session and lost $0.20 for each cigarette that they smoked. Thus, the primary outcome measures are (1) the latency to initiate smoking during the delay period and (2) the number of cigarettes smoked during the 60-minute self-administration period. Participants could not keep any unsmoked cigarettes at the end of the session and were compensated $60 for completing the experimental session in addition to receiving any money earned during the smoking relapse task.
Measures
During the screening session, demographic information was collected, including age, sex, ethnicity, and education. Intent to quit smoking was measured using a four-item questionnaire asking how strongly the participant identified with wanting to quit today (the day of the session) and within the next 3 months, 6 months, and year (Likert range: 1-7; 1=strongly disagree; 4=neutral; 7=strongly agree). In addition, multiple self-report measures evaluating smoking history and behavior, binge drinking behavior, mood, and individual personality traits were administered during the screening session or at baseline of the experimental session. Several of these measures, as described below, were chosen to be examined as predictive factors for performance on the lapse paradigm due to their previously being identified in the literature as realworld risk factors for smoking lapse. For analytic and descriptive purposes, measures were grouped into one of two families, termed proximal or distal. Proximal measures referred to those expected to be context dependent and, therefore, sensitive to the effects of the overnight abstinence. Distal measures were those expected to be more stable and trait based and less sensitive to the effects of overnight abstinence.
Proximal measures
The following measures were administered at baseline immediately prior to the smoking lapse task: the Wisconsin Smoking Withdrawal Scale measured nicotine withdrawal symptoms (WSWS; Welsch et al., 1999) , and the Questionnaire of Smoking Urges-Brief (QSU-Brief) measured urge to smoke and craving (Cox et al., 2001; Toll et al., 2004; Toll et al., 2006) . The two factors of the QSUBrief, which capture craving for the positive effects of smoking and craving to relieve the discomfort of nicotine withdrawal (Cox et al., 2001) , were analyzed. In order to assess mood following 12 h of abstinence, the short version of the Profile of Mood States (POMS) was administered at baseline prior to the smoking lapse task and the Depression and Tension subscales were analyzed in this study.
Distal measures
The following smoking measures were collected during the in-person screening: the Fagerstrom Test of Nicotine Dependence (FTND) is a 6-item questionnaire and is a reliable measure that is commonly used to determine nicotine dependence (Heatherton et al., 1991) and the Timeline Follow-Back (TLFB; Sobell and Sobell 1985) is a calendar assisted interview used to assess quantity and frequency of cigarette use over the past 30-days with average cigarettes per day being the primary variable of interest from this measure. Participants also completed a questionnaire developed in our laboratory in order to assess binge-drinking behavior during the individual's heaviest period of lifetime use. In order to capture binge-drinking frequency, the item "How many times would you have 5 or more drinks on a single drinking occasion during your heaviest drinking period?" was scored on a 6-point Likert scale ranging from "never" to "daily."
To capture individual personality traits, the following measures were given during the screening session: the Distress Tolerance Scale, a reliable and valid self-report measure of emotional distress tolerance (Simons and Gaher 2005) , and The State-Trait Anxiety questionnaire (Spielberger 1983) , which measures trait level anxiety. The Center for Epidemiological Studies Depression Scale (CES-D; NIMH) was administered prior to the smoking lapse task in order to assess for depressive symptomatology over the week preceding the experimental session (Radloff 1977) .
Data analytic strategy
All analyses were conducted in SAS version 9.3 for Windows. All predictor variables were Z-score transformed. General linear regressions were conducted to examine the effect of proximal and distal variables on number of cigarettes smoked during the self-administration period. To analyze the effect of proximal and distal risk factors on latency to smoke in the delay period, a series of univariate Cox proportional hazard regressions were conducted. This strategy was employed as a sizeable number of participants (n=24) delayed smoking for the full 50 min of the delay period, precluding the assignment of a valid latency time for these participants. Furthermore, analyses with a general linear model were contraindicated by the extreme non-normality of the latency variable. A Cox proportional hazard modeling approach is able to accurately model these features of our data. Furthermore, all models assessed for non-proportionality of Hazard functions through the addition of a time-varying covariate (predictor variable× square-root-latency). When this time-varying covariate was a significant predictor, suggesting non-proportionality, it was retained in the final models allowing for a more accurate assessment of the predictor variables of interest.
All analyses were conducted with continuous predictor variables; however, to interpret significant latency effects graphically, predictor variables were median-split and separate Kaplan-Meier survival curves were generated for "high" and "low" participants on each predictor variable. Type 1 error correction was implemented to reduce alpha inflation. In light of the two families of predictors being assessed (i.e., proximal and distal), we set an alpha threshold of p<0.025 for significance (Dar et al., 1994) and p≤ 0.05 for nominal significance. In order to remain conservative regarding possible assumption violation for the Cox modeling procedure and because non-proportionality was not a theoretically meaningful effect in the current investigation (and thus was not interpreted as substantive effects), alpha threshold for our measure of non-proportionality was set to p<0.10. No demographic variables (e.g., age, sex, education, race) were significant predictors of latency to smoke (ps>0.10) or number of cigarettes smoked (ps> 0.07), and their inclusion did not alter the significance of the results presented. Thus demographic variables were removed from the final models presented herein.
In order to further explore the relationship between the two main outcome variables in the context of proximal and distal predictors, several additional analyses were performed. Pearson correlation was computed between the two outcome variables of interest as an initial assessment of the independence of these outcome variables. Secondly, given the nonnormality of the latency variable, an ANOVA was conducted, wherein, smoking behavior during the delay period was coded as a three-level categorical variable (i.e., smoked immediately, smoked during the delay period but not immediately, or did not smoke), and the number of cigarettes smoked in the ad-lib period was the outcome variable. Next, given that a substantial portion of participants (33 %) smoked immediately during the task, the original analyses were repeated after excluding participants who smoked immediately. Additionally, to assess unique effects of predictor variables on ad-libitum smoking while accounting for the effect of delay latency, general linear regressions were repeated for significant predictors of the number of cigarettes smoked with latency to smoke added as a covariate. Finally, using the previously identified significant individual predictors for each main outcome, multivariate general linear and Cox-proportional regressions were performed with each family of proximal or distal variables included as predictor variables.
Statistical power was estimated using the program G*Power 3.1 for Windows. With a final sample size of n = 77, power to detect a small effect (i.e., ρ = 0.10, α=0.025, two-tailed bivariate correlation test) was very small (1-β=0.085). Power to detect a medium sized effect (ρ=0.30) was substantially improved (1-β=0.67). Finally, ability to detect statistically large effects (ρ=0.50) was essentially 100 % (1-β=0.99).
Results
Sample characteristics
A total of 487 people were screened over the phone to participate in the study. Of those, 131 completed an in-person screening visit, and 77 people completed the experimental lapse paradigm. Demographic, smoking-related, personality, and mood characteristics are displayed in Table 1 . On the day of the experimental session, approximately 99 % of the sample reported that they were not planning on quitting smoking (i.e., intent to quit score of 4 or less), and 71 % of the sample reported an income of less than $30,000.
Latency to smoke
The relationship between the risk factors and latency to smoke is summarized in Table 2 . On average, participants delayed 22.29 min (range: 0-50) before smoking a cigarette. Several proximal mood-and smoking-related factors were predictive of the latency to initiate smoking behavior. Cox proportional analyses revealed a significant effect of craving to relieve the discomfort of nicotine withdrawal on latency to smoke (χ 2 = 5.73, p<0.025, HR=1.41; Fig. 1 ), such that increased craving to relieve the discomfort of nicotine withdrawal was associated with significantly shorter latency to initiate smoking in the delay period. A similar pattern of results was observed for withdrawal (χ 2 = 4.12, p = 0.04, HR = 1.34), with those reporting greater withdrawal symptoms displaying nominally shorter latency to smoke. Higher tension levels were also Fig. 1 Kaplan-Meier survival curve depicting latency to smoke in the delay period predicted by severity of craving to relieve the discomfort of nicotine withdrawal. Analyses examined craving to relieve the discomfort of nicotine withdrawal as a continuous variable. However, for ease of presentation, survival curves are displayed for "high" and "low" responders according to a median split. Non-proportionality was modeled via inclusion of a time-varying covariate (withdrawal severity×sqrt-latency) nominally associated with a shorter latency to initiate smoking (χ 2 =3.70, p=0.05, HR=1.30). Neither POMS-depression (p=0.28) nor craving for the positive effects of smoking (p= 0.13) was significantly predictive of latency to smoke. No distal individual trait or smoking variables were significant predictors of latency to smoke (CESD-depression: p=0.21; trait anxiety: p=0.14; distress tolerance: p=0.11; cigarettes per day: p=0.89; nicotine dependence: p=0.52; binge drinking frequency: p=0.27).
The distribution of the latency to smoke measure was nonnormal, with 33 % of participants choosing to smoke immediately, 37 % smoking at some point during the delay period (but not immediately), and 30 % abstaining for the entire delay period. Smoking immediately during the task may not be generalizable to real-world lapse behavior during a quit attempt; thus, latency analyses were repeated excluding participants who immediately lapsed. In support of the utility of the McKee paradigm as a lapse analog, all predictors identified in the full sample remained significant in the subset of participants who delayed or refrained from smoking during the paradigm. Specifically, craving to relieve the discomfort of nicotine withdrawal (Χ 2 =5.55, p<0.025, HR=4.34; craving to relieve the discomfort of nicotine withdrawal×sqrt-latency: 
Number of cigarettes smoked in self-administration period
Results for number of cigarettes smoked are summarized in Table 2 . Participants averaged 1.77 (SD=0.97, range: 0-5) cigarettes smoked during the self-administration period. Several proximal smoking factors were again predictive of smoking behavior. Severity of nicotine withdrawal (β=0.30, SE=0.01, p<0.01, R 2 =0.098) and craving for the positive effects of smoking (β=0.28, SE=0.11, p<0.01, R 2 =0.087) were significantly positively predictive, and craving to relieve the discomfort of nicotine withdrawal was nominally predictive (β=0.24, SE=0.11, p=0.03, R 2 =0.059) of number of cigarettes smoked. Neither proximal indicator of negative mood was significantly predictive (tension: p=0.53, depression: p=0.56).
In contrast to latency to smoke, distal smoking-related variables were significantly related to the number of cigarettes smoked. Both average cigarettes per day (β=0.37, SE=0.12, p<0.01, R 2 = 0.11) and FTND score (β=0.29, SE= 0.11, p<0.025, R 2 =0.085) were significantly positively predictive of number of cigarettes smoked. Comparatively, distal indicators of depression, anxiety, and distress tolerance were not significantly predictive of ad-lib smoking (CESD-depression: p=0.52; trait anxiety: p=0.22; distress tolerance: p=0.66; binge drinking frequency: p=0.11).
Additional analyses of the relationship between outcome measures
As latency to smoke and number of cigarettes smoked were significantly correlated (r=−0.46, p<0.0001), additional analyses were performed to explore this relationship and determine whether the proximal and distal variables identified above were uniquely predictive of task performance. Latency to smoke was predictive of number of cigarettes smoked (F(2)=9.46, p<0.001), such that those who smoked immediately averaged 2.2 cigarettes, those who delayed between 1 and 49 min smoked 1.9 cigarettes, and subjects who delayed for the full 50 min smoked 1.2 cigarettes. Yet, ∼80 % of the participants who refrained from smoking for the entire delay period still decided to smoke during the selfadministration period at some point. Furthermore, cigarettes per day, FTND score, and craving for the positive effects of smoking remained predictive of number of cigarettes smoked during the self-administration period (p's=0.004, 0.018, 0.033, respectively) after including latency to smoke as a covariate (all p's<0.001). Withdrawal severity (p=0.06) and craving to relieve the discomfort of nicotine withdrawal (p= 0.34) lost significance after the addition of the covariate, which appears to be a result of the shared variance between these two predictors and latency to smoke (i.e., only withdrawal severity and craving to relieve the discomfort of nicotine withdrawal were significantly predictive of both latency to smoke and number of cigarettes smoked).
Finally, families of individual significant predictors of task performance (proximal or distal) were analyzed in separate multivariate models. The model including the previously identified proximal predictors of latency to smoke (i.e., withdrawal severity, craving to relieve the discomfort of nicotine withdrawal, and tension) was nominally predictive (p<0.05), but none of the individual factors reached statistical significance. A similar pattern was observed for number of cigarettes smoked: overall the models of proximal (i.e., withdrawal, craving to relieve the discomfort of nicotine withdrawal, and craving for the positive effects of smoking) and distal factors (i.e., cigarettes per day and nicotine dependence) were significantly predictive of smoking behavior during the selfadministration period (p's<0.01, R 2 =0.12, 0.13, respectively), but no individual predictor reached significance. Because all of the individual predictors within each family of variables were significantly intercorrelated (r's>0.49; p's<0.001) and each of the three multivariate models was significantly predictive of task performance, the lack of significance of the individual predictors within each model can be confidently attributed to the multicollinearity of the predictor variables.
Discussion
The present study examined whether previously identified real-world risk factors for smoking lapse and relapse also predict behavioral outcomes in a controlled laboratory lapse paradigm after overnight abstinence. The study also explored the relationship between the two outcome measures of the paradigm, latency to initiate smoking and the number of cigarettes smoked after lapse, and how they may relate to real-world smoking behaviors and the relapse process. We found that the McKee lapse task (2009) was sensitive to several previously identified risk factors for smoking lapse, but the relationship between risk factors and smoking behavior was highly dependent on the outcome being measured. The results provide support for the McKee lapse task as a valid laboratory model of smoking lapse that is susceptible to factors that convey risk in smoking cessation studies, but may also suggest that this paradigm provides two distinct proxy measures of real-world smoking behavior.
Latency to initiate smoking during the delay period was associated with proximal risk factors (i.e., measures sensitive to overnight abstinence), including withdrawal, craving, and tension, but was not related to any of the a priori distal factors (i.e., measures relatively insensitive to overnight abstinence). Participants who reported high levels of withdrawal, tension, or craving for the relief of negative affect after 12 h of abstinence were more likely to initiate smoking earlier during the delay period, which may suggest that the primary motivation for initiating smoking was alleviation of the negative symptoms related to acute abstinence. This notion is supported by the findings of several smoking cessation studies which demonstrated that a rapid increase in withdrawal symptoms, negative affect, and craving and the subsequent desire to relieve this aversive symptomatology is the most reliable predictor of a smoking lapse (Shiffman et al., 1996a; Shiffman et al., 1997b; Shiffman et al., 2002; Shiffman and Waters 2004) .
In comparison to the latency to initiate smoking, the number of cigarettes smoked after the lapse was related to a unique combination of proximal and distal risk factors. Individuals who were heavier smokers, had greater severity of nicotine dependence, had high levels of craving for the positive effects of smoking, reported heightened levels of withdrawal, or desired to smoke to reduce withdrawal symptoms tended to smoke more cigarettes after a lapse or during the selfadministration session. Thus, in contrast to the observed results for latency to initiate smoking, urge for the hedonic effects of smoking, possibly to counteract the aversive effects of withdrawal, may predict the number of cigarettes smoked after a lapse occurs. In support of these findings, several studies, including one using the McKee lapse task, have demonstrated that a period of abstinence can increase the hedonic satisfaction derived from smoking (Perkins et al., 1994; Fant et al., 1995; McKee et al., 2012) , and that those who report the greatest hedonic response to the first lapse tend to smoke the most cigarettes during the lapse (Shiffman et al., 2006) . As number of cigarettes smoked per day and level of nicotine dependence was also predictive of the number of cigarettes smoked in lab, one possible interpretation for this relationship could be that heavier smokers require more cigarettes to feel the hedonic effects of smoking during a lapse. However, as hedonic satisfaction from smoking was not collected in the current study, we note that the preceding argument may be an extrapolation from the reported results. Therefore, we suggest that future laboratory work clarifies the relationship between the aforementioned risk factors, hedonic response to smoking, and smoking behavior during a lapse.
While the latency to initiate smoking and the number of cigarettes smoked after lapse were significantly related, with individuals who were faster to lapse also smoking more cigarettes, there was a clear distinction in the factors that predicted each outcome. This may suggest that the McKee lapse task provides distinct and separate laboratory indices of real-world smoking behavior and the relapse process. For example, the interaction between level of nicotine dependence, negative effect, and smoking urge has been shown to be positively predictive of a smoking lapse occurring without being related to the number of cigarettes smoked during the lapse episode (Shiffman et al., 1996b; Shiffman et al., 1997a) . Conversely, hedonic response is positively related to the number of cigarettes smoked during a lapse, which in turn is highly predictive of progression to the next lapse and, ultimately, relapse (Shiffman et al., 2006) . Taken together, these results may indicate that a smoking lapse and smoking behavior during the lapse are predictive of future lapses and progression to relapse through separate pathways and risk factors. Of the 11 risk factors examined in the current study, only withdrawal severity and craving to relieve the discomfort of nicotine withdrawal were predictive of both latency to initiate smoking and number of cigarettes smoked. As several diffuse proximal and distal smoking-related factors may converge during acute abstinence to influence the severity of withdrawal (Shiffman et al., 1997a) , the motivation and craving to alleviate these negative effects may in turn manifest itself in various measures of smoking-related behavior (i.e., withdrawal severity is affected by both dynamic and static factors and, therefore, may mediate the relationship between latency to smoke and number of cigarettes smoked). Thus, the McKee paradigm may provide two unique laboratory measures of real-world smoking behavior during the relapse process by capturing the time immediately preceding the first lapse and the severity of the lapse itself, as measured by the latency to initiate smoking and the number of cigarettes smoked, respectively.
Although the present study has several strengths, such as a novel approach to validate a human laboratory model and determine its ability to capture the effects of real-world risk factors, some limitations should also be noted. The monetary values that were used as alternate reinforcers in the lapse paradigm were slightly lower than those recommended by McKee (2009) relative to the length of the abstinence period. This was done to better match the compensation to usual incentives of local studies. However, the average latency to lapse in the current study (∼22 min) approached the target length of delay period (i.e., 25 min; McKee 2009), suggesting that the monetary amount was still effective in providing incentive to not smoke. Additionally, the study population consisted mostly of moderate smokers (∼15 cigarettes per day) with a low degree of nicotine dependence (FTND score ∼4). Therefore, the results should be confirmed in a sample of heavy smokers with higher levels of nicotine dependence to ensure generalizability, as this group of smokers may be in the greatest need of effective pharmacotherapy. The smokers in the study were also non-treatment seeking, which could feasibly limit the study's real-world validity. However, others have found that monetary compensation is an effective alternate reinforcer in providing motivation to resist smoking (Perkins et al., 2006; Gilbert et al., 1999), and McKee et al. (2012) found that treatment seeking status did not affect performance on this lapse task. Furthermore, the smoking cues (i.e., cigarettes and lighter) that are presented during the McKee paradigm may limit the ability of this task to identify risk factors that are predictive of lapse in the real-world. While the presence of cigarettes is necessary to test smoking lapse in the laboratory (i.e., it is impossible for a lapse to occur without a cigarette being present) and were purposely included as smoking cues in the original design of the McKee task, cigarettes and other smoking cues are not always immediately on hand during a quit attempt. Finally, subjective measures of mood, craving, and withdrawal were only collected at baseline. As these characteristics have been previously shown to change across the delay period (McKee et al., 2012) , collecting multiple measures throughout the procedure would have allowed the investigation of how changes in subjective state over time relate to latency to smoke and number of cigarettes smoked.
The current results suggest that several real-world predictors of smoking lapse can influence behavioral outcomes in a novel laboratory smoking lapse paradigm using non-treatment seeking smokers. These results have several implications for future research studies using this paradigm, such as indicating that these experiments should account for between subject differences in withdrawal symptoms, craving, and negative affect after overnight abstinence, as well as current smoking behavior and severity of nicotine dependence, when interpreting results in both outcome measures. Additionally, the latency to smoke measure had an unexpected, non-normal distribution with approximately one third of the sample lapsing immediately and one third resisting smoking for the entire delay period. As the distribution of this measure has not been reported in previous publications describing this task, it is unclear if its observed shape is specific to the current study or a common feature across studies. While the sizable number of participants who choose to immediately smoke may be comparable to reports of early relapse in self-quitters (Hughes et al., 1992; , and the identified risk factors were predictive of the number of cigarettes smoked independent of latency to smoke during the delay period, future studies using the McKee lapse task should report the distribution of this measure and examine individual differences in those who immediately lapse vs. those who abstain for the duration of the task.
In sum, the McKee lapse task appears to effectively translate smoking lapse from the real-world to the laboratory, which lends support for its use as a model for medication development. Future studies using this task should examine whether a medication's ability to reduce withdrawal, craving, and negative affect is related to its efficacy in increasing the latency to initiate smoking and/or whether medications that reduce the hedonic value associated with smoking after lapse may be most effective in reducing the number of cigarettes smoked and, thus, the severity of the lapse event itself.
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